The dMe flare star UV Ceti (L726-8B) was observed at four frequencies simultaneously in the 1385-1652 MHz band using the Very Large Array. A flare lasting 10 minutes was observed with 6.67 s time resolution. "Dynamic spectrum"-type images in the Stokes parameters / and V show considerable complexity in the frequency-time domain; some features show a positive frequency drift with time, while others are more complex, involving both positive and negative frequency drifts. The positive drift features would be consistent with disturbances traveling downward in the star's corona.
I. INTRODUCTION
Recent work has demonstrated that the radio and microwave flaring from dMe flare stars shows a high degree of structure both in time and frequency. Lang and Willson (1986 a) have observed millisecond bursts from AD Leo using the Arecibo 305 m radio telescope, while Lang and Willson (1986£) and White, Kundu, and Jackson (1986) have seen large differences in flux across the 20 cm band in VLA observations of flares from YZ CMi, AD Leo, and UV Ceti, respectively. Here we present dynamic spectrum images (intensity pictured as a function of time and frequency) of a moderate intensity flare from UV Ceti which show both types of variation together.
II. OBSERVATIONS
The Very Large Array of the National Radio Astronomy Observatory 1 near Socorro, NM, was used in the A/B hybrid configuration. Altogether three flare stars, namely UV Ceti, AD Leo, and YZ CMi, were observed in 1986 July. The latter two stars showed only sporadic weak left-hand polarized flaring to the few millijansky level, a level of flaring too weak for convenient time-frequency analysis. In this Letter, we will discuss only the observations of UV Ceti, made on July 3.
In order to observe four frequencies simultaneously, we divided the VLA into two subarrays (designated subarrays 1 and 2) of 13 antennas each. Both sub arrays would observe UV Ceti in the 20 cm band for 10 minutes, then observe in the 6 cm band for 10 minutes, return to the 20 cm band for 10 minutes, and then observe the phase calibrator 0202-170 for 7 minutes. This process was repeated a number of times for a total elapsed observing time of 6 hr.
At 20 cm, subarray 1 observed frequencies of 1385 and 1502 MHz, while subarray 2 observed frequencies of 1435 and 1652 MHz. The center frequencies and bandpasses (25 MHz) 1 The National Radio Astronomy Observatory is operated by Associated Universities, Inc., under contract with the National Science Foundation.
were chosen so as to avoid frequencies known to be subject to heavy interference at the VLA. No significant interference was encountered during the flare star observations. At 6 cm, where interference is not a problem, bandpasses of 50 MHz, centered on 4535 and 4835 MHz for subarray 1 and 4685 and 4985 MHz for subarray 2, were used.
Data were taken every 6.67 s, the present maximum rate for the VLA, if two frequencies are to be observed by a subarray. The VLA primary flux calibrator 3C 286 was used as the flux density calibrator.
III. ANALYSIS OF THE OBSERVATIONS
In order to perform time analysis of variable sources observed with synthesis radio telescopes, a computer-efficient method must be found to deal with the unwanted sidelobes of other sources in the primary beam. For the UV Ceti field, the sidelobes are not important at 6 cm but are important at 20 cm. The method described by Gary (1985) , and also used by White, Kundu, and Jackson (1986) , was used at 20 cm: the modeled visibilities from the CLEAN components of a map made from the entire day's observations are subtracted from the observed visibilities using AIPS program UVSUB. All strong sources in the primary beam except the flare star itself are used. The problems encountered by White, Kundu, and Jackson (1986) , whereby some of the flux (in Stokes parameter /, but not in V) from AD Leo was lost, were not encountered in the present observations, probably because UV Ceti does not have very strong sources nearby, and also because we were observing in A/B configuration, whereas White, Kundu, and Jackson (1986) were observing in D configuration.
The beam size varied during the day, as UV Ceti moved across the sky. On the all-day maps, the synthesized beam size was about 475 at 20 cm and about 172 at 6 cm. ^ r-; 2
RADIO FLARE ON UV CETI the primary star of the system, 2" away from UV Ceti. Figure  1c shows the 6 cm flux for UV Ceti. No trace of emission from L726-8A was found at 6 cm, implying a mean flux density < 200 juJy. Although the two stars are closer together than the beam size at 20 cm, the separate 20 cm fluxes were found by positional analysis, as described by Gary, Linsky, and Dulk (1982) and Jackson, Kundu, and White (1987) . The primary star L726-8A shows a weak, 100% right-hand polarized flare, peaking near 2 mJy at 12:00 UT and lasting approximately 80 minutes. No quiescent emission is detected. This is typical behavior for weak flares from this star (cf. Kundu et al. 1987) , and L726-8A will not be discussed further in the present Letter. UV Ceti exhibits two flares at 20 cm: one (designated flare A20) peaking near 11:00 UT, averaging 10 mJy in total intensity and corresponding to a brightness temperature of 10 10 K assuming a source size equal to the stellar radius (cf. the equation in Kundu et al. 1987) ; and a second, less intense, flare (designated flare B20) near 14:00 UT. The time-frequency analysis of flare A20, which is nearly 100% polarized (after subtraction of the unpolarized background flux of 4 mJy) is the subject of the present Letter. Flare B20 is unpolarized as is the slow decay, lasting until 12:00 UT, of flare A20.
There are also two flares at 6 cm on UV Ceti; both are small (~ 2 mJy) and only marginally (~ 25% ± 10%) L87 polarized. These flares, designated A6 and B6, peak near 11:45 and 14:20 UT, respectively. The 6 cm flares in Figure 1c are delayed with respect to the 20 cm flares occurring nearest in time: flare A6 peaks 45 minutes after A20, and B6 peaks about 20 minutes after B20. The actual delays are somewhat uncertain because of the sequential nature of the observations; however, there is no question of the delay of flare A6 relative to A20. This delay is consistent with the positive frequency drift components observed in the 1385-1652 MHz range, as discussed below (see Fig. 2 ), and in § IV.
Apart from flaring, there is the unpolarized quiescent background flux of about 1-2 mJy at both 20 and 6 cm. This quiescent emission is always seen from UV Ceti, but usually at somewhat lower levels (see Kundu, White, and Jackson 1986 for a review). Except for the peak of flare A20, near 11:00 UT, there was no significant variation of the 10 minute fluxes over the four frequencies in each of the 6 and 20 cm bands. For the 10 minute period containing the peak of flare A20, the mean total flux (Stokes I) is 10.3, 10.7, 9.8, and 7.1 ± 0.4 mJy at 1385, 1435, 1502, and 1652 MHz, respectively, and the mean polarized flux (Stokes V) was 5.5, 6.6, 5.3, and 3.2 + 0.4 mJy at the corresponding frequencies. Hence, after removal of the 4 mJy unpolarized background emission, the flaring flux drops by about 50% from 1435 to 1652 MHz, corresponding to a spectral index of -5. 
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Vol. 316 JACKSON, KUNDU, AND WHITE To search for fine structure in the strongest 20 cm flare, we have analyzed the polarized peak of flare A20 (at 11:00 UT) every 6.67 s at each frequency. Maps were made from the subtracted data and inspected on the image device in order to be sure that there were no artifacts in the data. The synthesized beam at this time was 9" by 3", position angle 309°. The intensity from these maps at the pixel corresponding to UV Ceti comprises a 4 X 79 element matrix (79 time steps, separated by 6.67 s, and the four frequencies 1385, 1435, 1502, and 1652 MHz). A 28 X 79 element matrix was constructed from this by linearly interpolating in frequency, with a uniform frequency step of about 10 MHz. This matrix is plotted as a computer generated dynamic spectrum in Figure 2 (Plate L5). The three panels in Figure 2 present, from top to bottom, the total intensity (Stokes /), the circular polarization (Stokes V), and the mean of I and V (in order to enhance the signal-to-noise ratio). The horizontal axis of each panel consists of 79 pixels of 6.67 s in size, starting at 10:54:27 UT and going to 11:03:07 UT. The lower and upper UT limits of Figure 2 are those of the 20 cm observation itself; the flare may have begun earlier and ended later while we were observing at 6 cm.
The vertical axis of each panel consists of 28 frequency pixels, starting at 1352 MHz {bottom) and increasing uniformly to 1652 MHz {top). The peak intensities in Figure 2 are about 20 mJy in / and 16 mJy in V. 
IV. DISCUSSION
While the signal-to-noise ratio in Figures 2 and 3 is not ideal (this was not a particularly strong flare for UV Ceti), there is definite evidence for complex variations in flux both in time and frequency. It is clear from Figure 2 , that two features, one at the onset and the other near the end show positive drift. These features start near time pixels 1 (0 s) and 54 (353 s) at 1385 MHz, and are shown as "a" and "d," respectively, in the right-hand column of Figure 3 . The middle portion of Figure 2 is more complex: it is possible to represent it as two additional positive drift components ("b" and "c" in Fig. 3 ), or as three negative drift components (1652 "b" to 1502 "c," 1502 "b" to 1435 "c," and 1435 "b" to 1385 "c").
In order to demonstrate the statistical significance of the frequency drifts in Figure 2 and 3, we have plotted the correlation coefficients between pairs of adjacent frequency panels of Figure 3 . The correlation coefficients were calculated for reciprocal drift rates from -1 to +1 s MHz -1 , and the plots of r versus reciprocal drift rate are shown in Figure  4 . For random data, there is less than a 5% chance of the 1 , for the right-hand column). The broadness of the maxima in r is caused by the data set consisting of several separate subflares with different drift rates.
The correlations from 1502 to 1652 MHz are much less significant owing to the overall weakness of the flare at 1652 MHz (down by 50% from 1435 MHz). However, the peak at 0.5 s MHz" 1 does extend, with marginal significance, to 1652 MHz in the two right-hand columns of Figure 4 . The individual subflares clearly extend to 1652 MHz in Figure 2 , but their overall significance is diminished in the values of r, which have all the noise from between the subflares included in their calculation.
The large values of r at negative drift rates in the top row are "false" correlations caused by the large frequency increment from 1502 to 1652 MFtz, and the consequent apparent correlations caused by connecting a subflare at 1502 MHz to a different subflare at 1652 MHz. Since the four frequencies are not equally spread, these false correlations do not add coherently in the bottom row of Figure 4 which shows the sum of the three correlations.
However, there is no evidence for a single drift rate as being the "best fit" overall, confirming the visual impression from Figure 2 that the structure is complex with a number of drift rates. While the majority of these drift rates are positive, some negative components also exist, causing some positive correlation at negative drift rates.
Positive frequency drift is opposite to what is commonly observed in the Sun (e.g., type II and III bursts) and could be interpreted as evidence that a disturbance is propagating downward in the corona. There may be several possibilities to interpret the positive frequency drifts in UV Ceti flare dynamic spectrum. First, there may be a real disturbance propagating toward the stellar disk as sometimes happens in the case of solar decimeter reverse-drift bursts. By analogy with the Sun, such an interpretation implies a plasma emission process. Alternatively, in the context of cyclotron maser theory, we can envisage that a model such as that of White, Melrose, and Dulk (1986) is relevant. In this model an energy release at the top of a flux loop sends electrons downwards through the corona. Under favorable circumstances, loss cone or other unstable velocity distributions which lead to cyclotron maser radiation will form first at the higher altitudes (i.e., lower frequencies) and thus lead to a positive frequency drift. Second, effects such as magnetic compression combined with cyclotron emission can lead to apparent positive frequency drift as the cyclotron frequency in a source increases, e.g., as in the "adiabatic compression" model of Mätzler et al (1978) .
The plasma radiation interpretation may not be quite consistent with the high degree (~ 100%) of polarization observed at 20 cm, although solar type III bursts in the funda-L89 mental band are known to be polarized up to -60% (Suzuki, Dulk, and Sheridan 1980) . In order to interpret the high brightness temperature and strongly polarized millisecond solar spike bursts, Vlahos, Sharma, and Papadopoulos (1983) proposed that a precipitating electron beam will excite upper hybrid waves propagating in a direction opposite to the beam. Under certain conditions, the upper hybrid waves will interact coherently and the observed high temperature and strong polarization can be explained. Since the upper hybrid frequency depends both upon the electron gyrofrequency and the plasma frequency, the observed time delay with increasing frequency seen in Figures 2 and 3 may be a consequence of the beam propagating into regions of stronger field and higher electron density. It seems to us that both possibilities are likely candidates for explaining the positive frequency drifts in the dynamic spectrum of the UV Ceti flare at 20 cm.
We note that the implied drift rate is much slower than for comparable bursts on the Sun, where type HI bursts (extrapolating from lower frequencies, since type III bursts are not typically seen at 20 cm wavelength) have drift rates > 10 2 MHz s"
1 . Type II bursts on the Sun have drift rates of the same order as found here, 0.1-0.5 MHz s" 1 , but they are known to be associated with shock waves and are of much longer duration than the bursts studied here. For UV Ceti, the implied drift rate of ~ 2 MHz s" 1 across the 20 cm band is not inconsistent with the drift between 20 cm and 6 cm deduced by assuming that the same disturbance produces flares at both frequencies: 1.25 MHz s" 1 by relating A20 to A6, and 3 MHz s" 1 by relating B20 to B6. Slower drift rates for type Ill-like bursts on red dwarf stars as compared with the Sun are indeed predicted by the arguments of Kundu et al. (1987) , where stratification of the corona on red dwarf stars is less than on the Sun; however, in their model the drift rate is expected to change greatly between 6 cm and 20 cm.
Since the time difference between flares A20 and B20 is similar to the time difference between flares A6 and B6, it is quite likely that A6 is related to A20, and B6 is related to B20. If so, the flare A6, occurring approximately 45 minutes after the 20 cm flare A20, can possibly be interpreted as the same disturbance traveling much further down into the corona to levels of electron density from where plasma waves at 6 cm are generated. The flares B20 and B6 form a similar sequence, except that the flare B20 does not have the strongly polarized peak that the flare A20 has. The marginal circular polarization seen in the flares A6 and B6 is consistent with this hypothesis. We rule out gyrosynchrotron or thermal radiation as the cause of the 6 cm flares because of the time delay relative to the 20 cm flares. It will be important to continue dynamic spectral observations of flare stars in general, in order to properly interpret the nature of the flare disturbance, which in turn will provide an insight into the energy release process in stellar flares.
v. CONCLUSION
We have produced the dynamic spectrum of a flare on the dMe flare star UV Ceti which can be compared with similar observations on the Sun. The results show behavior different RADIO FLARE ON UV CETI JACKSON, KUNDU, AND WHITE L90 than usually found on the Sun, however, in that the emission, while complex, has positive drift components.
We are aware of a time-frequency study of another flare on UV Ceti by Bastian and Bookbinder (1987) which covers a smaller frequency range in the 20 cm band, but at a much higher frequency resolution, using the VLA spectral line system. These results also show a complex structure and point up the need for further investigations of such flares on other dMe stars.
This work was partially supported by NSF grant ATM84-15388 and NASA grant NGR 21-002-199 . Some of the computations were done at the University of Maryland Computer Science Center.
